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£ l£ placKSCS] -H-^l- 

£ 2fe pT7KSC2) -ff^> *]5L°iq-. 

£ 3fe pT7KSC-H6. pT7KSC-H12 ^ pT7KSC-H18S] -fr^V *]S.*W. 

£ 4fe t^B) pT7KSC-H6. pT7KSC-H12 * pT7KSC-H18^.S. 3^*3 ^S* 1 - cfltf^Sl ?}E^ 

£ 5tt #H]-i D lH pT7KSC-GFPS] -ff^*} ^IS 0 ]^. 

£ 6afe pT7KSC-GFP°.3. 3*1<S«:3 4*5* UV*MH 4^ 0 ]4. 

£ 6bfe tf««|El ^^^«-£]^l cfl^-l- UVsHH 7- r ;*!°|ch 
£ 7£ i-^DlS placKSC-lipS] -fb^r *l£°]ch 



irt- ra ol .i?. 
c ; . a -I • i • i 



*} 5i£^ -^S.'Se}- E]3l^-el-g-( Salmonlla typhimurium)*W\ -fi-sfltb ^15. 2]h>- C2] -fr^i 

A, #71 -fi-^r-S 4-§-*H 2]2fl l^lEf 41£££>H] £-§-3 1> v *Hz) ^ 

Olfe ^tfi Eli ^^aijEioH o|^H ^'SSS D l A 3i: Hi- °l-§-*M SI efl ^"A^ 

1980>dcfl ia|>-(s m j th )7|- ^Je)-o|ci4 ^ <a-««^# lBj-°ilEl^ (filamentous phage)2) p|||# -§-*>-5}- 

o] <|HSH^ o]s a ^ ^ A)^Efl (surface _ expression S ystem)^2l-IL <£-§•?!: -g-H] 7|3H1 cD*|- 

7]- -gs>^ ^J]^ t^AS. t^l^lfe ^ii^ u J:«(cell surface display) 

°l5Hr -§-#5Stl. ^ii^ ^ o. hVe^o^ Jl£.S]- ^a^o) a ^ cMJ>;§]-|- ^ S.*|)(s 

urface anchoring motif)S >M-§-*H 2]sfl D l A Slr S^-Hl t^H?^ a])^ ^Hc)-. ^-g-ofl 

fe 4 0 MS1 a)- EM oViLcf ^«f7l ufl-g-ofl t^o)-^ a^ofl 5)2)1 c^«b^^- ^sU)^ 9*^7} ^l^£l5i 

14, 4°l^lt °l-§-^fe ^-f, A « V6 J£l^ a^«fl 5^fe Slefl ^^^Sl ^^l^V «fl-f ^l«:SllL -f-S-^^l'HlS 

t.Ml7V 5i«H, ^fleMf- °l*«r ^laa^ ^°11 S^r 2l-^l-l- 0 l ft^* 7H2 ^^1- SiW2:; 
Georgiou, G.. ef a/., Nature Biotechnol., 15:29-34, 1997). 

aa^i sfe SI 2]) c4-«!j^^- A|3LJL«^ ^^ajo]^ a-!-*] .03. o|-§.Al£ ^ ^ ^ 

21 4-§-°l ^Slfec-i £^5.^ S)E)) ^liS^^l i^7l -?1«H AfliM)HV^ f-:4t ^ 

D) ) o. Jl^-^oj §-a)AiH Ai<f ^. 7W2 StfoK *U, -Hia 21HV a^°il <$$S)7\\ ^ 5i!fe ^3^i(t 

argeting signal)!- «W. f-^li fe 37lf- 7M2 Slfe 2] efl 3if°l 7f^^o|: sfji, 

^l^-^W tfl^S] a -3 £^lS.fe OmpA, OmpS, LamB, OprF, PhoE f-zj- >H15. Sl^ofl ^^sffe 

°1 ^S. o]-§-£] 5d c K% v 2:: Agterberg, M„ era/., Gene, 88:37-45, 1990; Lang, H., eta/., Eur. J. Bacteriol., 267: 

163-170, 2000). o\ fi)Hfl ^-^^-1- a-)]^^^) f-f-tV ^a^^o)) avoja)^ /^jjo^ S ,go)) ^a]^ 

5U^1 D J-, ^°Jt v t SUfe ^^^21 37l7]-^i3j ^ltbHl'H^lcf^i: Georgiou, G., eta/., Nature Biotechnol,. 
15:29-34, 1997). lEtt, $]4 Q^^^i C-t^ N-ttH °J^2) ±5. 7}Q?]} *lZi, Q^^o] 

fe ^"f °llfe ^^^Sl °J"^0| ^0).^C)-. AJ^))^ |_ amB p h0E O| ^ O. 5Q gj^ 6Q7l ) 0,^0) C^li-Aj-^ o|f. 

<H^I Slefl -a-aJj^* #<Q*}^, ^im* 7f^2)- ^V^t!: WJj^* %^t\7.) %t}5L, cH^£) ifl(porin) 4S. 

<2)hv ^«)^2] 15071)5) oHt-ih2.£ ^-^j^ ^^^o) o}vj <H) 3)5. = (epitope) M- £E]H(metal 

binding motif) -§-<H| ^tl-sl 0 ! A }-%-s\ < &zH%3-: Stahl., S., eta/., Trends Biotechnol ., 15:185-192, 1997; Kjaer 
gaad, K„ eta/., Appl. Environ. Microbiol ., 66:10-14, 2000). 

Aie)s)o)^i igg 2.^)o)| 4.^7). ^^7). s).^. i)efl <a-aj^* -§-*}- a)^ 4h^<»i| ^^a)^ ufl, ^-^^ ^1 
u i«i 4-§-€ -S-^'Sfe 371) ^1 f^j-7} ^14 : « 0 va^- 3.^. ^ 5.n]Z] N-El^l^^l 3.^} 

7U7> t}^ 2)2|) ^«Jj^ -§-%M?lfe HJ-^i-S. 3^ °o^^la2) ^^-o)l 5fl3-£)n) Cfl^s). ^o. ^-AJ^o. o) 

^ Al^aj^. A>-§.%v ^ &4(% v 2:: Gunneriusson. E., ef a/., 7. Bacteriol., 178:1341-1346, 1996; Stasuss. A, eta 
I., Mol. Microbiol ., 21:491-500, 1996; Pozzi, G., eta/.. Infect. Immun ., 60:1902-1907, 1992); ^ ^ 
*1|££'d°ll ^3^11^1- 2]Bfl ^-«Jj^^- S'S H ^ 4-§-£lfe ^-^^ ^°H1 -S-^l^lfe ^HH^^l -§-§-(sa 

ndwich fusion) cfl #S4M 4-8-^ ^ 51^4, ^2)- ^ s) 2)) fr^T-fo) -§-*v 0 ) 0)^^, s) 

2)) C^O] A M ^ ^0.7). ^o.,,) Aj-o] A |2]^ o)^ S]Bfl ^E)-olH2l 37|7} 2)tfl oJ= n507 }|o, 6}^^ ^ 

^Itb^l^fe 3°1 fe fe^l^l- sr^^v^.. Agterverg, M., eta/. , Gene, 88:37-45, 1990; Pallesen. L, Microb 
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iology, 141:2839-2848, 1995; Steidler, L, et al., J. Bacteriol., 175:7639-7643, 1993; Xu, Z., eta/. , Applied 
Environ. Microbiol ., 65:5142-5147, 1999; Georgiou, G., et al., Nature Biotechnol., 15:29-34, 1997; Stahl., S 
., etal.. Trends Biotechnol.. 15:185-192, 1997); f\ 4*34 S3 4S .2413 C-44°l| 4 4 4 2 4 3 
Hfl 4^14 443334 £4 C-tttf 444 *)1333i 45. SlEfl 4^14 44(C -terminal deletion fusion)^ 
34 43 °- S, 2|2fl <a-aj!34 jflEj.01 =!■ /ilis^ 44 2.*1M 44437}- nfl-f 343. 43€ Slefl cMJjls] 
4*<H1 tfl4 343 34tt 433 51^4, *H£S3°11 £3 44 3.H7} 434*1 4433 01344 # 

33 514 

3^1343 jj-ti] A)^Efl^. .§-.§.*}. xflia^ 443 ^-|-^43 -§--8- °H4 g€-«*. «14 *1l£J£3oll 4433 
-S4 4tt 2] Efl 4^13 f^ofl tti-ef l^i}. o.^, iggjg ^-zfl oil (epitope)* *fl££4<Hl 4433 
BJ-E1134 3 4., <sj==j^ 343 41534 433^4 344 3««eJ*l ^^Jt4 1*1 ^|^3joij7 

X] 33 444 44^4(42-: Nguyen, T. N., etal.. Gene ., 128:89-94, 1993). 44 434, 43 4 u -?il4 *ll5. 
££o)| 1*U11 3 °-, oaei ^3334 444*11 4^81 4 514(42: Francisco, J. A. R., 

efa/., /Voc. /Waf/. /Icarf. 5c/'., 6/S/4 ., 91:10444-10448, 1993). 3 3°H.&. s-3 ^44 4444 «|Efl 5]o)-f- ^ 
-Hl 4343 4*114 ^lil^l 44 44 4^14 4433 444 *113 ^ 314 3 3 "HI -t-g-Sr^- 3 

*ll£ 44*)]. 3443 44<1 3434 jLdil- Al|£i^oJ| <y-33-°-5 £433 ii ?hi:8W *|^*jJ°-5. 

433?]1 4-8-1: 4 514 *d*fl£ 34 44 4 O. 44 7^1 7 r i-f 44* tt 4 514(42: Charbit, A., era/., Gene 
., 70: 181-189, 1988; Sousa, C, ef a/., 7. Bacteriol. , 180:2280-2284, 1998; Richins, R„ etal., Nat. Biotechn 
ol ., 15: 984-987, 1997). 

434 45l°113 3334 43*114 S5l<H]^E)l33] 41-&3I1, ^ij^Kfr -fM°] 7^#«||S 3334 tU^ ?r = 

43433, 34*114 43* 7^*«H«|| *1 *1« 0 MV4 43*11 4 A5 4H*r 434 4^ i±<>14. £4, 34*114 4 
34*1143 334 43*H44 3444 4]£:e|SSr(esterification)*W 434 ^4fe 44 £4 4^1# <Hl^Efl 
= iE4(transesterification)4 <: H ^S* 4^)1- t A o44 444 D fl^4al, S4 «l7l-<=l^ 0 J 7l^( U nnatural substra 
te)2] 4^444(acylation) £4 t4^^44(deacylation)4 4 D fl44iHl, 214^5] 4 D fl444 4^1 D I * 

44°tl cflafl 44^i^^(high enantioselectivity)4 At! 4. °lelt1 7^ 2]4^1# S.3.( Saccharom 

ycescerevisiae)S\ Aflis.^ Q^]=% 3. * A j4 4^1?1^1 S^Jl ttH^cfe 2_3L7\ 5iSJ4(42:: Ueda, 
M. et al., J. Bioscience Bioeng., 90:125-136, 2000). 

47l£) Bl4^l 4°l)444 <>]44^ 4^)°l *41-2] 44414 4«)1 4444 ^1^44 5<^1 444t)I Ji 
us] 514. a ojS-H, ^^7> 44(taxol)2] C-13 14451 4£^l(derivati 

ves of phenyl isoserine), «|^efls.olH i'g^f-^51 (SJ-^lYHS-^Obuprofen), Hl4^1 ^SHl(captop 
ril) 44*11, ^4 51 ^14^1^^151 I gEl4 ; g(diltia2em) 44*1 Hfl4-4S.?1(/S -blocker)£] 44*11, £=H(Roche 
)a>2] 4*4*1) 44*fl, ul4 D J E, 444^ 44 43 44 ■ ££3 4 A o (chemoenzymatic synthesis) 4 4 4 5(4 
(42:: R. Brieva et al., J. Org. Chem., 58:1068-1075, 1993; F. X. McConville et al., In Biocatalysis, D. A. Abr 
amowicz ed., p.167, Von Nostrand Reinhold, New York; L. Ghosez et al., In Chiral reactions in heterogeneou 
s catalysis, p.21, Plenum Press, New York; S. B. Desai et al., J. Org. Chem., 61, 1996; S. C. Mohapatra et al., 
Biotechnol. amp; Bioeng., 64:213-220, 1999; A. M. McKay, Lett. Appl. Microb., 16:1-6, 1993). Zialuf, 4/11 
°) €443 44444 44^ 4 443 44°]^ ^31 44 ^3^3. ^444 7l4(chirotechnologyH 444 
a) 4^)4 °144 34, 71143 44 ^°fl 44*445.4^13 34*113 347 r 4^14^1 ShH a4^5l ^*114 
443 4444 *1«11 45toL, ^ul4 34*114 1^1^51 44^-5. *11445t4. 
44 A i, 34*113 4°14 3145. £-§-35! 3*11 % 44^33 444, a3ai 3144 34*114 ^4444 
n£ 43^4^51 44°l A jl*fl *l|27l#-i: 7111J-0-H4 4 4^.*jo) ^fto] tfl^slJi ^ch 

44 °1 °H ; ir4 s\--e /1§ ^ 4 <| 

°H1, 4 41444 3*11 3 43^14^51 44 0 l^l*fl *H27l#4- 7fltsU4 °113 <S4ii^4 14, 3^8 
1-3 *ima-a°ll 34*114 34, 34*113 347V 4°14<H 3*il3°ln^ 43?143^5 44°Pol*ll# 

*H24 4 5in, °14 34°1 4.S.'i4 4^3 0m P C4 a^44 £*115 344 34, 3^ 4^134 ^43^4 
^ljEa'a^l t43 ? i 4 514 *1124 4««!34 *ll2:4 4 5i«-3, ^1^44 3^4°IH 3hH 4^13 Jl43 S. 
5 *l!>fi4£ 3^43 *-H£a3oll 4^^4 434il, 4 43t 4 a o4t11 35i4. 

14, £ t33 ^ 434 c»44 ^lii^°ll 3=11 4^14 s.43^ 5 t43S 4 514 S3 4$ £*I13 C 
-44011 «44 3^ 4^1 44 ^43H 4*144 443 #3^13^3 ^liS3 4«4 *fli4 4*144 *ll?«r 
4 534. 

4 t33 4 #4 434 *13 7Ha4 4*144 i444 ^1XS3 4««!3» *11^4^ 534. 
4 433 *fl >?1^ 434 *13 4««135 ^1^4€ 3^844 *ll : o L 44 534. 

4 433 Ml <a*H ^-34 33 3444 3443 44341*114 *H2^Rr 4*34 *il^4^ 534. 

433 n J 4 « 34 

4 433 *1liS3 444 4344 0mpC3 N-44±543 5^*B 4^°fl 3 = 4 °13iu4 314 4Ji444 
4344 5L444. 
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°I4. 4 4>3* J£4 ?>Hm°.3. ^4:24 44. 

* ^3°J ^lia-a 3.^ 4« £S)l7f Dfl a^^oj 3.4*1 jr *\<£ >*)]£ 2]4 s. 

4<H| <a-^ s|7|| Jf44 ^ flfe- ^-fi-il ^(targeting signal)* 7^2 fls, a. 37 ]* 7 r 4al 2]eU 4«il2] *}<3- 
£ 7^^7fl 44 4* 4^3^ H - 4?H*] ^ $M4 tb4^ 7^4 Zfl, o|2). g£ S ^ asflS) cflAV^ 
Ai ^S-l^oilAi o. ^]5t$|5i- cj-aij^ C(OmpC)* Aja>4°<4. 

cfl^^l ^ ^uh^ (major po rin protein)^ Afl£2]4 Q2] 3*. 217l)2] 4nl4± *]<£-§- £44<H 367 

7fl oWii'ihfi.S 4^£]<H a1]£S]s>- ^hh^ F (0mpF)4 o]*<H ufl^vfls] ^^(osmolarity)^ 4*4<H 4 

^H^SAf, c^o] ol 1Q 5 7fl2] #47 r 44€ 44 44°-3. t^TT ^1XS]5V £ B Jj ^014(^2; Mj 

zuno, T., eta/., J. Biol. Chem., 258:6932-6940, 1983). 

Afl£2]4 c^a) C s) ^| £ nv ^(membrane topology)* J2.4 4^12] N-444 C-44°| ^>fi4|5*H ^t)] 
*\3L. 87fl2) ^(loop)^ 4|£Sl4 444°. 3-, 7702] f-H^ **£H 214(42:: Puente, J., ef 

a/.. Gene, 156:1-9, 1995). 45- -44 El^-jfe)^ Salmonella typhimurium)^\ *Hfl4 M]3L$\^ 4^1 C2] 3 
-f, -Hli 2]Hj- 444-°-^. t*sH 87fl2] f-S 4 4^4 6>3i^ ^-=1] 44 3.44 6 1 ^(rotavirus) VP4 
AlH 4^1 <^|3lSH(epitope) RV160(227fl2] 4°]i4)2 r RV252(287fl2] «My^)f ^gq^.S. 4^134(4 
2:: Puente, J., eta/., Gene, 156:1-9, 1995). 

°H, 4 H"3*|-i'£ 42. ^"IH -rVsH^r Afl5L2l4 C(0mpC)2] N-£4.2.£ J r-E| A]j£S]Hi- 4f-^o..£. ** 

£ 8«fi^H 4=4*12] «Mt^ A i^* 4£44-c: **i7r. 434-3147^ N-44. 6 -3. Jl i L El ^li2]H>- 4^.03. 
€ V£* ^-=4*13 4 D li4 4£444 *3*}, 7 r 4 Hl-^-aj ^1-71]^ i)£4 N-44^ S.^] 4|3.S]4 4 

44^=- 5>fi^ 4 = 4*12] 4*1*4 A 1"§* 4£S}-*Rr -ff^rt i% v sl-^ OmpCS] ^^?) ^H^^ *^7l- 

AS. A>*sH f'fl-SLi ^sfl«0-§-(PCR)# ^s>^4. <>l$7fl 1100 bp H7l£) DIMA 1^* o>7 r 5.2: 1 

37|<g-§-«H ^*ML, *S.^ T7 £^ lac =3.5. El* ^^01^0)] Aj-og^ > f-ef^olH placK 

SC H pT7KSC* ^i«V5litr. ^7] ^12:^ 7))2;t v *^± D lH placKSCS]- pT7KSCfe lac £fe T7 E.3.5.l}°\\ S)«r 

^IS^EV 4^0.^ *tE]<H 87112] ^ 7««fl ^«rfe 1*tM Pstl ^^4f. ^cj. 

€■ ^^2] °i ^AloJo| n^a^, oflA|a} 0.5. cfl^ ^ia^i ^«a|^ cflAj- jaErO)=s 6 7fl£) *l±El<cl(6His)JS.S. 

#3l-*l±EHa( po |y-His) ^^(linker) ^eHH* 4-§-*fS3^c-il, °] ^ ^°}ESr Cd 2+ , Cu 2 + , Zn 2 
+ , Ni 2+ 5J Pb 2 + f.oj 27 j. o)!^ o|^.«H) cfltV S?l|o|Ej (chelators ^-8-*M, ^l^* A S*^^^]S.^ 

21 7] «9*olcf. ftii ^ifl«V*i S]*H ^€ DNAf"H]Al ^71-5. 2 1 ^7l<§^^^3. ^ 72 bp 3 
712] DNA 1«* ^, SUath H a ^«!El pT7KSC2] Pstl 5 BamHI 'Itii Jf-^oj f.el-Sl^E]<a 

^?]7f 6, 12 ^ 187H *J-«a€ ^2:t « S V €«]E] pT7KSC-H6, pT7KSC-H12 °A pT7KSC-H18* ^2:^4. 
4 v 7l°lH Afla*'- t^>a]Ei pT7KSC-H6, pT7KSC-H12, pT7KSC-H18* cfl^Si £ 6 J^JL, o| 

m «fl°o^H, a -«*£°J^, i» IPTG(isopropyl-/9-thiogalactoside)l- ^7 r *H t^* -ft-S* 4*, «fl 

"a^^ *lfl«r«H SIS}- >a-«j^* ^^*>534. tf^-t^ SDS-PAGE(sodium-dodecylsulfate p 

olyacrylamide gel electrophoresis)^. ^4, #SL"i4 Eln]^-s]* -fj-Efl Aflia]sv cl-sn^ c°fl f-Bl-slrfiE]^ 

^7i7V Aj^^^a. ^^j£]o] ^iix , a<H] t«£l2i-g-* SKl5r£4. 

"»|<H. t^*E] p T7KSC-H6, pT7KSC-H12, pT7KSC-H18* 7^]^ gs.^ E]3)^-5]*o] f,^- 

^f* ^44 *^ v t t »Mt 4H#(Cd 2 + )* ^*M?J ^, «4«-*l A|i E fl( atomic analysis system)* ^l* 
*H ^4^4. 4 Allat ^«]ElH. ^^^^ cfl^ofl 44 cf°] a ^ Afli ^ 2 3 4.2^mol£] Cd 2 + 

°l^r* #4a]?J 14, 47] £A]-(Sousa) f-<>l JiJi* 4H# *4144 alat m, i-f fe£ Jl*S. ?]-H** #4 
tb 5* «H!ff- 4 1 212i4(% v 2:: Sousa, C, ef a/., Nature Biotechnol ., 14:1017-1020, 1996). 44*l, ^ s-^^l^i 
7ll H s v *!- t« »0^4 ^efl7l f-ofl Q At f^* ^l7]4^ci] o|^-t ^ oj^ ^o]cf. 

t^2] 4f- u ^Ai^ofl 4£^ ( ^'e]-o|c ^4 4M4 4^^«1 S:*2]±s. c)]^ A-nia'S'Hl H^s]^*] -y-o]. 
^.71 ^14oi 4^^^4«]^(Green fluorescent protein, GFP)* 5.<£ 4«j^S AjajsH 4<y4^4. GFPfe- 4^ 
^.Efl4 «]S.2]4( Aequorea victoria)^ 2387fl°] 4 D li4.° s . 4 2.7 kDa H7l* 7f^t 442] ^• 

2 J-(chemiluminescent) ^^a] H7|)2] «fl4-4=]S(/S -sheetjfa* S^4^, H 34-S ^^7^ x|1IS]b{- ^«J}^ 
2] ^£4 d]] o. *45]-4. ^71 4^^^- 35.£i4(chromophore)<Hl sH^Slfe 65 M]^ 67^41 4°lii4(wild type 
2] 7g* Ser-Thr-Gly)2] ^#»fl 44 £27fl 6^S. 4^31, 442] f^44 44(emission) ^ «H 7l (excitation) 
44°] 44*1 4^°l =l 34€ ^a7 r 4^^ a-!- UV4«H1 A 1 ^4* =1*] ^ 4^4#£- ^71 ^l 

4€ P T7KSC 7^4 *4^ D 1H°]] GFP 4^7]-* 4°J4<H 471142, o|f- cfl^* 

4a17J 4*, iptg* ^7l-4°1 4«* *£4ai, «H4°-Ji* 6 S ^4 ^#14°] Afls 214 4^^* =v44^ 

4 -r44 ^71 cf^^* SDS-PAGES -S-^431, 4-GFP 4^1* ^1*4^ ^l4^*4(immunoblot)* ^-*§4 1 
4, 4a , i4 El^4el* &4 ^1S214 4^^ C<H] GFP7f Aj^aj o.^ ai-oj^o] ^is^l] 4«s]ai** 444S 
4. °H, Aiiia-a°ll 44^ #^£2] 4^°l ; 84^^- a . 4^ls]fe^l 4°J47] 344 UV 4°11 A 1 4^2] g^-* tr] 

^7] SJ-o]3)l ^- 14, cHV-g- ^l£X^<Hl t^sl GFP^ 44 4-^2] ^^* oloj o^_o^ ^. «j El Al^Efl^ ^>4o]H 
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4 ^2.5.^ SJHW H-g-^^S. fttHA-fr 4<y%v - oj^c^ 

#*r*tt* * £ ?l!H3 Sl-tfl-S) 45*4. ^2JHl£r ^ 2l4*l]2) 4-§~§- °l-§-4<4. 

44M *«Mt*«W 5H^ 0 l±^]?i 4E*11 (derivatives of phenylisoserine), flSHSJfcaptopril) #4*11 

(S)-olYSS^(ibuprofen), *«MW 4*4 «|i«facKt2: R. Brieva et al.. J. Org. Che 

m., 58:1068-1075, 1993; L. Ghosez et al., In Chiral reactions in heterogeneous catalysis, p. 21, Plenum Pres 
s, New York; A. M. McKay, Lett. Appl. Microb., 16:1-6, 1993). H^uf, o|4 ^l-g-' 71*1421 4-f- ^<H) 
4-t-£tI-3.-f E) eWl-t si^Hs-dl <H3-§-°l 5a*H. £-§-34 M4 4-§-2] 4^41 ^ SI Si* 4 
H4. &*14 el 4*1] * 43)214 *}%°.3 *11445a4. 

£ ii V, 34* 71$ e!4*l]2) aofl 4-§-,§. -a-xl^Ai #*-g- j£4t ^ oj^ Aifl. eja).^ g$ A|^.ej 

* SrHsKil. °l« 4**M 44M °fl^Ell2 S|-f-#SJf.E| 4^-§-. 4*M0 444, 7)t4 <H1^E1|=.S1 aflatf 

43444. ^71 *fl44 piacKSC *1)2.4 444°11 3]a|4| 444» tf<y4<H g^afe) piacKSC-lip-i- 4 

*\}*}JL, 0]1- 0|^.S|-^ IK tftf* ^ 3 4*1 3^.4 ^7] Hfl4444 IpTGf- ^7^H Hi KM 444 

*!42] 4^4<4 *1|5L£4°I] a|s|*W <£«S|£*r 45*4. 371 t44 el4*)|2]- 4^I D 1 ^±^3 44t-§- 

44^^ ?lt4 sl-f-i* *1|2.4 ^ 5*fe<4 °H eMH 44-§-£ 4>fs| ^fts]^ 24 o^uf 4<>| 

H4*I4=444, o a v ?J< ofl^efle 4*#4 44*144. £ 4^1*14 44 443 34*114 BMM 3 

-SHH^A|^E]2Aj. 0])^ oJiBUSf. 44^ ^l-^l^Tfl ^Va^| ^gf-ajo] ?) t A j (S)-( + )-3-*M = JM-»M 

-4 °01 °il^ E ll^.((S)-(+)-3-hydroxybutyrate ethyl -ester) 2}- (R)-( + )-34»lE^I ^El e 4((R)-(+)-3-hyd 
roxybutyric acid)* t^4jI. 41S.3. 4 °)1 444 3 4441 f- 444 3^44 JL-t-34 3*11 3] 4-§- : o 1 '8 

2) 4£ A d4 31444 3*134 IE 434434 ?14^ 4444 3124 ^ 444. 

371 el ^11- ^ln] HilEl-sj-f-o] ^) D ] Al^_ 3 _« S M^A]_4.^^^iElc 1 -2-^(racemiccis-3-a 

cetoxy-4-phenylazetidin-2-one)4 H J-§-^?i ofl±tfl= ^ -8-7)^ *115.3.<3°I| 

el^lb «J-* *^-l-^-¥-El ^^-g-el^H ^711 *el*l-S4. 

°l A oHM1 a.*°l, £ % v ^2l -a-S-ief ^-sflo] OmpCl- S^lfti a«0a ilefl ^aw^om- ^el-olHl- 411 

^o]| t^^l^J 4 1 aJtt Jflafl- <HE| 7H 2] 511 ta-a}^<>m flEl-Olcf. ^BflS) 7l^-# s. 

#a|£.S fl^««-«fl2l -Mlas^ofl « a v^A|?j ^ ^°J^4. oHl, t^rf-^- ^71 <^e] 7}x) t 

^rfjE^ f^^Ai, GFP* *«a|^ ^ pT7KSC-GFPf- tfl^ BL21(DE3)»il i 6 d*f°l ^^^«-*llt cfl 

=8-^ BL21(DE3)/pT7KSC-GFP(Escherichia coli BL21(DE3)/pT7KSC-GFP) ^ o]f - 2000^ 11^ 30 

<a^rS. ^>|7l^7|^«l ^^*^<a^-fi(KRIBB) -fr^^«8(KCTC. t«tb D J^ cfl^l^ "H^-S- ±^)°fl 7| 

KCTC-0897BPS. 71^53 0^, el^f. ^ $^ placKSC-lipf- cfl^ MC4100<H1 E^^H 

*1]2:€ Sl'SS-^ll- cfl^ MC4100/placKSC-lip(Escherichia coli MC4100/placKSC-lip) el- 'g'gsrJl, °lf- 20 
00«d 11€ 30°a^>S. *°Jt.V ^^|7lej-7l^oj ^-^^^^l 7l^x KCTC-0898BP S 7| ^*Hgc|. 
°l«T, ^^Hl» f-^H ^ g'g-fr iL4 ^■g3f27f ^Cf. o|S. AJaI^^ ^. « e v^^. Jicj- O.S. A^ 

"3«r7| ^Ift S^SJ afsf ^. ^igoj ^^7^ o]s. aJaI^^] 3 4 ^)|*V£l^| 5* ^^TiHl 

^ -l- A o v 2l ^l^J-i- 7>^1 xHMI 5a*H ^olcf. 3.5), ^. fj-tgs] ^d|E) placKSC2f pT7KSCfe 2)^- -fj-^f 

S.a^ 5)-7i -tJ^HH]^ 7l#s)-ai ai-c- f-el-Sl^Elci ^ GFP -B-^71- ^>?v oj-qel-, ^ 2)efl ij««^o|4 
H21 -a-^^l- E^sM H21 Mj-aHl 614^ ^ Slcf. tHEL^ placKSC2l- pT7KSC°fl *^7^7} 

-a-°J€ ^^t v t^^El £ t^2l «g^ofl ^*}-cfji a.o]-o|: t 5014. 
^^Hl 1 : *fl2tf ^«)El p|acKSC2) ^2 

lac A oHMi 45. 2lHV ^«i^* t?H?|7l ^l*H lac =S£E|1. 7^ 4^ tt±*]E. pJHIacKt 4 

-f-d, lac H5.SEi2(- lac iS-^Elf- jit} jL-ir^j ±5. 2 ^^7) ^tb lad -fr^M ^-s-^^c)-. a, fel-in| 
— pUC19^ lac HS£E|^. lad -fr^r* 7}*\jL $X^(%2i: Yanisch- Perron C. et al., Gene, 33:103-119, 1985) 
. °l pUC19 #ef±°lH« ^±3. 4-§-*U, *r7l2] ^oHf Af-g-sJ-^ « 4j 94'C 5 

*, n 11 ^ 94°C 45i, 50'C 50S, 72t 1* 10£, 30^ Hj-^J-f ^^*f5Jcf. 
primerl 5 - GGAATTCC ATATGTGTTTCCTGTGTGAAATTGTT- 3 (^'Si 1) 
primer2 5 - TGCTC AC ATGTTCTTTCCTG - 3 (^I'SJL 2) 

o\7\S.Z. ^ #7|<3^ 0.3. ^71 ^S_± <aiflaj-i- «f}-^ 0,3. l^^l^i 9| 347bp 37|2J DNA 1^* *3) 

*f!L, ^1VJl± /V^e 14 /1/7III «.S. 4. °lt, pET3a #eJ-^o]Hf- Ndel4 y4/7MI5. l^^H 2438 

bp2l DNA 1^4 °ilA)^ ^ 2765bp ^015, ^3.^ tef^o]£i pjHIac* ^^5a4(% v H: Conner G. E. and Ud 
ey J. A, £7/W4 Cell Biol., 9(1):1-9, 1990). «H, pJHIac i-e^UE* *\\% ±± Dra 1 4 £co/?l l^sfll, 4 
44o|a) -8-341. <a^A|7j ^, <aa|H S .i^|oi-g(eiectroporation) u o v, a 2.3. cfl^ XL1-Blue-=fl E 0 J4°1, 
>£$a|?J cj-^-, 444°l A J(10^g/L)o| ^7j-^ LB W^MH ^t4H, °lS.*E-| 4 2568bp 7>3 pJKIac 

k #4^1H1 ^r*45i4. 01m, a]-§.^ 444o|ai ^.34^ f-4^ D ls p acyci771 ^^^s. 4h, 4 

7l =4 0 l°l» 4-8-4°!, ^t£-± <£$^M%^ ^ 94C 5*. ^4 &y 94'C 45i, 3.Q 51 C 50^, 7 
2t 50i, 30^1 «J-4)* ^r*S4i, 471-5.2: 1 «7l^^-^^l 2)4<^ ^7) ^«hJLi <a^«l-* ^ ±3 ^o]^. DNA 
l«o.S.-¥-El f-eltb 4 930bp 3.7)2] DNA ^^°14(% v al: Chang A. C. Y. and Cohen S. N, J. Bacteriol, 134:11 
41-1156, 1978). 

primer3 5 -GCGGTACCTTTAAAGCCACGTTGTGTCTCAAA-3 3) 
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primer4 5 - CG AATTCTTAGAAAAACTC ATCG AGCA- 3 (44"d± 4) 

44, 4-2.13 34*343 4I5L34 4«!4 C(OmpC) -fr44# 4.5L47) 444, 4.2.13 33*34 <g-4»^l D 

NA# i}JL, 443 =5Ho1t A r*4°l *4i± 4414*(3!4*l| 4 A j 94t 7*. *4*H 4^ 94*C 14 

^4 44 t 24, 44 72'C 34, 333 44)* ^*8434. 

primer5 5 - GG AATTCC ATATG AAAGTTAAAGTACTG - 3 (444H 5) 

primer6 5 -CCGGGATCCTTATTAGAACTG GTAAACCAG-3 (4443: 6) 

°}7}sL^ 4 44^'gJLS 44 tt£.± 44°£ =£44 44*114 4 noobp H7l£] DNA 444 4 

3*tjI. Ndel4 BamHI ££ £445*4. lac = £5.3* i44^ 44^n|c pHJIacK ^. ajftjr.i 

Ndel4 BamHI 44SM £*4 DNA 444 4144 *fli*>- f-4^4.Ef- ^s-s].jl, 4ai;i.3.£5ll4 4 
2.3. 0145 XL1-Blue<H] JE<g*M ^§44444 44, 444°14(10/ig/L)4 47f4 LB44ull*H4 444:2 
°l^43 placKSC *)13L4 #4± D |Hf- 44444(42: £ 1). 

2 : 44«!3 pT7KSC3 ^2 

T7 H3.5L3 4°114 Aji 4*14* 44434 4*r<4 T7 SiiEl* 7f4 #3^3H pT7KSC"t *| 

2444. *r, *2E43 434 T7 =S£E)t £4*Hr #3-£°lH pET3a* *II4 ti £co/?l4 tfra I 144 

4 4 3.2 kbp 443 DNA 444 £*4ji, 4®i&44 444°)4 444-1- 44^] 14 f.44 4^0.3. 4<y4 
4 ^, •a^^si^oi-g ijj-ig^. o|^.sH cfl45 xi_1-Blue°fl i<g *H *I444444. 4f4r 44 

444(10/*g/L)4 ?)7}4 LB ^HlWolH 4434^, o\s.^ pT7K |^D|£f ^£.3. - 

*4 f-ai-^ D iH<H] 42.43 33*34 45. 34 4 u -*!4 C4 4^444. 

^, -a*H 1<H)4 t=*4 42-43 34*34 4]£34 4 M -34 DNA 444 7||2:4 *3^3H pT7K 4444 ^ 
7 r 33 Itii Ndel4 BamHI°.5. 444 44, 4** 4143H s.5.e||o|^ 4^-1- 4-8-44 ^44 XL 
1-Blue"Hl £°J44 ^444434. *§4444 5*4 44444(10 //g/L) 4 ^7 r 4 LB J|«4|*H4 4434 
jL, 4 3 pT7KSC Tfl^t *4±4Sf- £4444(42: £ 2). 
^ A H1 3 : 7fl2;tr a s ^tfjEi pT7KSC-H6, pT7KSC-H12, pT7KSC-H18Sj 

M)ZE^°\) *«a|^ ° <§ 3g^ 0 | H5 . S5l-5|±Elcl(poly-His) ^Ef°]H# ^e^^cfl, vflS] ^(linker) M}^ 

(set)^ 67HS] sl^Ejcl o.s ^S)oj 5Jo.Dj, o|f- ^s^) o|^ ( gj-^S] 5LE}-o]D]f. a>4«M 1^5. ftli 

«W(S>M 94'C 5*. t^I^I ifl^ 94'C 30^, S^r 56t 30i. 72'C 30^. 103 2*>S. 

JLi < a4fl«J-§-(^^ 94°C 30S, 68t 30a, 72t 30a, 20^ <&4)* ^^^^4. 

primer7 5 -GATAGATATCCTGCAGGTCGACCCAAGCGGACATCACCATCATCACCAT-3 H'S^l 2. 7) 

primer8 5 -CCGGGATCCTTATTACTCGAGACCAGAATGGTGATGATGGTGATG-3 (-H'M^iJl 8) 

"}7}S.^ 1 #7}<$!§-*ao_^ #7] yq°.S. ^lit ^°\}*\ ^ 72bp 3.7] SH DNA ^B) 

S-s]£ ^jEl- 0 lH -fr?!7V£] 5 -^ofl^ Pstl4 Sail ^«-jLi 7Ve|7> iTflsH, 3 

^'Hl^ Xhol4 BamHI ^ltlsi A*\7\ ^^^4. 

#7} DNA ^^-1- Pstl4 BamHI ^1«}-Jl4i5. ^^fal, ©If- ^A|oj] 2 oflA-) p J7KSC ^if" ^^Ej 

°fl ^r°J A l ? J ^aiH^iello)^ » 0 v^ °. o]^^oj XL1-Blue°fl £°JsH ^^^^1^4. ^^^4« 5^ 

444 c 'l^l(50^g/L)o| ^71-^ LB fl^*|o||^ £%q%jL, o]s^e| pT7KSC-H1 H^Elf- ^s.^ 

^4. ^7] ^flSf- ^BijE^ 67H3 5l±E^c1 O.S #2]-*l±E)ia ^4°]H 17H4 ^ ^ 

it v ^>4. 

t3-*l^E|"a 3 S4°1H 271121 ^li «-^^>f- *fl^v « e v«ajE-l pT7KSC-H2f- ^li^l 

^^fl-H. 34 f^ v JL£ "Sifl^* f-«B €21-4^3^ ^4^1^ ^tbai Sail4 XholiLS ^44 

H, pT7KSC-H1 7fls*v g««jEH 0 da!S5.a£l|ol^ 4-§-4°i 4^5 XL1-Blue»ll £ 0 J4^ 

^^^^1^4. 5^ 444°]^l(50^g/L)^l ^4^ LB *g#«IH°]|4 ^itSl^al, °)3.*f-l] pT7KS 

C-H2 7fl 2 1 1^«!4» ^45514. 7)1 s*v t^«!4^67j|£l *i±E)tao.s #B]-4±4'a U44H 

27fl2| AJES ^.^43. S^^-4. 

A <r7l4 Q£ 44 13-4^3^ 3 g4°lH 6711, 12?H i8?R-S- I^r 7V4 ^if 

3 pT7KSC-H6, pT7KSC-H12 £b pT7KSC-H184 4^\^(%2l: S. 3). 
^44 4 : pT7KSC-H18 4 U ^^3 t^i 

-y^H 3^4 7)144 7fl2:t v t^^El pT7KSC-H18S. ^4^3-4 cfl^ BL21 (DE3)°ll4 5. c 4! 4««4o] °-*v;g 

4s-i4 33-S-3-S- 34 4^4 C3 44* SDS-PAGE *«fl# <^l-§-4<H 444S4. ^, 0m P C-(6His)n -§- 

*v cj-Bjj^s, ^ £f . 2 a>471 7H2:t cfl^l-# LB «W Mil 4 50mL4 44 250mL 44 #4^3^ 

^^4i. IPTG(isopropyl-yS-thiogalactoside)!- ^7>4<^ 444 44^ 30t«Hl4 m|] 0 < { : 4S4. »H, 

447} 44 4£^- -g-^^Tim 600nm 44°il4 444£(0.D.)7|- 0.64 "fl 0.01 mM3 IPTG1- ^7f4<H 

^444. 

44 4£ 444 4, Hfl4°^ 3mL4* ^#)4°i ^fli 5)4 4»J144 444 4-8- 4«!444: «ll4 0 Ji 3mL 

♦ 4t°114 6000rpm^.5. 54*4 4^43 4 ^4#* ^44°1 ImL Na 2 HPO 4 (pH 7.2) 4^-8^ «.S 4 

4 ^44 44, 44 4t^l4 6000rpm^.5. 54 -§-4 4^43411, Na 2 HPO 4 (pH 7.2) 4f^44 0.5mL°)l 44 
444. 4<H, 444 i44 4 3 (sonication) 44 44^ 43 £€• 4ls.» 4^4j1, 4-£-'H14 I2000rpm 
<LZ 24*4 4^)4344 44(debris)«) 7il7l4 4t°J)# ^^4^4. 44 4^°il4 I2000rpm± 
S. 304*4 44434 3s 0.5mL 444t-§-°J|( 0.5%(w/v) sarcosyl, 10mM Na 2 HPO 4 , pH 7.2)°l| 444<H 
Afli4 cj-ai4 4^4 ^444. ^l)5L4 4 u Ji4 4^4 37'C4l4 304*4 444 4, 4 s C^l4 I2000rpm±s. 30 
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*-S*3l«W «•«!* t^«H, °J 44f--§-°->i(10mM Na 2 HPO 4 , pH 7.2J5.S 4134 4#, 50^ 

PBS(0.274M NaCI, 0.041M Na 2 HPO 4 , 0.047M KH 2 PO 4 , 0.005M KCI, pH 7 4) -§-^<Hl %}44<H 44 
<jM-i]l £g) a|s. •§.«)£ §wl434(42.: Puenete, J.L., era/., Ge/*?, 156:1-9. 1995). tf7j a] a -§-oj] o. SDS _ p 
AGES. £4)4 14, pT7KSC-H18-& ^3 ±3. £.2. 14 4l£2]4 4*!1 c<H) <tf°Jsl<H •42. "342) -Ml£2l4<Hl 

Mli: *B2fl 44«!&l pT7KSC-H6. pT7KSC-H12 £fe pT7KSC-H18-l: ?Mtt 7fl2.f- cfl^S) 3^A(*> 
—4) l^all 

*8 A H 3*|-H *fl2:4 ^fl2t 44^1 pT7KSC-H6. pT7KSC-H12 JE-cr pT7KSC-H18* 7Mfe *)4«14;H]7|- A| 
£JSL-?Hl *)±E|<a «8?)7 r 44*M jfl^ ^«}E1 P T7KSC» ^l^Sr^Hl ^s. =^44* 

1!44 £44 ^ Si^M «1 2^584. 4, pT7KSC. pT7KSC-H6, pT7KSC-H12 £4 pT7KSC-H18* £444 
4 l^gSafl!- 4*H1 44 £-44 2:?! 44 tflo^oj o.^ ^«Al ? lji, 2 a)7J°1 ^ilif o 8 

5%(w/v) NaCI *«| ±3. 24 *1I34 ^l£2l 3)^ ^£7> -g-##£?ll3. 600nm 44°1]4 ^4 ^-^°j£(0 D ) 
A 5.(H S)£-^ 0.85%(w/v) NaCI -§-«H 44434. 0)7)0)) ^.o_}£ jj^oj 5 0ppm(0.85%(w/v) NaCI -g-^ pH 5 
8) 4£# n^i 7 r Hw#3.2H =(CdCI 2 )4 $7 r £ :f, o| %<*±. 2 5t°IH jES>*H 24A)4-§-4 4-§M£4 
. 4-§-o| #4 *4| =M 0 .85%(w/v) NaCI &<$<L3. 2# 4|*}4 4£»I14 70%(w/v) 44(nitric acid) •§- 

«7>*M 44°1 **Wa=r. °|$7fl 2o)4 ^IH* *7l-oMll3! 4£(air-acetylene flame)4 44 
^(hollow cathode lamp)* o) 44 €4 £4 -Mi ^(atomic analysis system ; Perkin-Elmer 3100, Norwalk, 
CT, USA)* ^ojj^o] ^H-h- ^WtKfe: £ 4). °W, 2 28.2nm°| 

oL, 4(slit width)4 0.7nm ojfltj.. £ 40^ ,£=<,), p T7KSC£. ^l^SS D Hi-<>l) °1^e)4 ^ tH 7)- 

*|3E£ge| <£^s):= 71)2.4 44^3. °M44 Sl^ti %^S) ^ ^7 r *H| nj-ef ^-^S)^ 4^4 

ol£2) 4£7)- feff-^t 4 4* 434. o|^ ( iA>(Sousa) £-2) M2S[ alif n(, a. cfl44o| £ 

4 JL-I-S. 4.E44 -f-444 t ^Si4(*2: Sousa, C, ef a/., /Varwre Biotechnol ., 14:1017-1020, 199 
6). 

^ A Hl 5 : 7$^% HQ. «JjEl pT7KSC-GFPS] V A GFPSl g« 

^^l°fl 2°fl A i ^l2*V 7112:^ a.^ 0 | H p T7K SCi S« ^r^^JS.^ «1= 27 kDa 37) -f 7H^ ^^^(gre 

en fluorescent protein, GFP)-|- ^liS^o|| ^a|?]7) iftsH pT7KSC-GFP ^ ^E^l- 

^4. ^, GFP ^ 71 3 41 #4^°lH pGFPuvl- tin, t}7\S\ HefoHf- Af^sfoj uq. 

± < a^<J!:-g-(aJ , d^ "fi A j 94°C 5-S-, t^^H 94C 30^, H# 54C 30a. 72t 30^. 10^ u J-^)lr ^r^*)- 

al, cM 2x}3. ^S.± Htf^M^ 94C 30^, 3.$ 60 'C 30i, «33^ 72"C 30i, 20S1 ^4)* ^ s 5sr^cf (%Vj, 

: Crameri. A, Nature. Biotechnol., 14:315-319, 1996). 

primer9 5 - AACTGC AG AGTAAAGG AGAAG AACTTTTC - 3 f/i'g'dJ: 9) 

primerlO 5 - CGGG ATCCTTATTTGT AGAGCTC ATCC AT - 3 Hl^i 10) 

«>7>i2 1 ^7l<§-§-«g^- o)-§-Sj-<H ( ^s.± *$*n°.3. DNA l3a«.S^El 5 Pstll *11 

&AtbjL, 3 -U-^ofl-c- BamHI £4*}^ 4 700bp 3.7)$ DNA ^^°J GFP "c^l *S?ir# 

^71 GFP p st |4 BamHI ^l^jLiS. l^al, pT7KSC t^^^^l ^^^1^1 cf-g- 

•S-'S-i- °]-§-*M cfl^ XLI-Blue^l £ < y*M f 1«^)^4. ^^^^ £^ ?M4ol-tl(5 
0A»g/L)«>| ^7r€ LB ^^Ml^HH ^tsl^al, «]S.^ pT7KSC-GFP ^Ssf^cf(^-^. £ 5 ) 

. °W, «7| t^ajHil- BL21(DE3)<H) E°J«W ^^^^flf- ^|a*U, o|f. L B ^ «H4 50mL7^ >^?J 2 

50mL fefiH<Hl ^ IPTG5. a a v «* -a-£*M, 30*C<H]^ ufl^rSSc)-. <>H, ^^^STjlS 

600nm 4^i^1 ^^^J£(0.D.)7 r 0.6 6 J ofl 0.01mM£l IPTG* ^ 7>a) ?J 0.5.^ *|st-gc)-. zj- a|ss. aJa|^ 

42] o.S SDS-PAGE1- =r^«rH. °l» 14, pT7KSC-GFP€- #5. "44 ^1^2] Hj- c 

°fl ^°J£)<H ^'4421 AliSjeH ^S|5a** ° s v =r 5U^4. £tb, ^7| SDS-PAGE 1 ^7]<g^ 14* iL4 3 
SM SM fl«h<H, 14, GFP -a-^lo) cfl^o) 2]°H]a-] ^t]^-g-f 

SI5i4. 

SEtK t«€ GFP7V ^^M°J 71^-* ^«St =r ^^SlSib^l* ^JsM fl^, GFP7f 

^l^^]o)l uvl- 2:AfsH, GFP71- ^^oM^S- ^^sfe^] "a-4^-^4. oH. cli^oife ^l^S-^^l B 
L21(DE3)* 4-§-^j7, UV^ 366nm2] 4^ V ^-S. 2:A>Sl-^cKt2:: £ 6). £ 6£ 366nm 4^2) UV «H>H pT7KS 
C-GFP^] 2|sfl cj^-g. BL21(DE3)4 ^3i^% 4*tb 4^l°Jc||, £ 6 a^ *)*!^-§; 44M1lt. £ 6b^ 

cfla^i: 44^4. £ 6»M UV24^1 tfla-^-g: 4^ ^sl^l ^0.4, -y*i-?£ ff-Sr 4^|AS. t^- 

4°s, ^liS^-H] gfp <a-«-»l°| 1-^44 ^^-i <g ^ 5i5i4. 

444, 37|2] ^-^ tfjElf- 6]-§-*H <S-£3}0.£ cfl^ Afil^oJ ^BJjl* u e ^Al^-g-^- £ ^ 5J4. 

■& ^" l S41-^- GFP* 1H2M1 pT7KSC-GFPl- cfl#^ BL21 (DE3)-=Hl £ 6 J*M ^|2:4 ^1^4^11- cfl^- 

5 BL21(DE3)/pT7KSC-GFP(Eschehchia coli BL21(DE3)/pT7KSC-GFP) 4 ^^4J1, °l# 2000V1 11^ 30U 
4S 4^l7l444°J ^^^^^^(KRIBB) -a-^4^- j S(KCTC, cfl^J^ cfl^^-^Al oj o.^ ± ^ 7) ej. 
tl± KCTC0897BP 5. 7144^4. 

^ A H1 6 : a)4^]# ^11?! a a v «4fe piacKSC-li P 2] Az. "A ^l^^a] ^2 

e)4^1t 444^ 'flit #4^°|Hf- 7)1247) ^4^ ^ 4££4i **£*IUfl±(Pseudomonas fl 

uorescens)2) e)4^) 4^7ff - cf-g-4 40) ^^-^4. a ^£^4^ fcJf.fi. elUBisj <§^*fl DNA* 4 
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2. i}7) *4<>M« Af-g-sM, %V£.± <Zm*(%^ W 94 1 5*. 4£*U ^ 94 1 45±. H4 60 1 45i 
34 72 1 14 I0i, 303 44)* 4*S4$4 

primer11 5 -ACCTGCAGATCACGTTGTATACCTATCACA-3 (4^45: 11) 
primer12 5 - GCGG ATCC AAAACTC AGC ACCGTATCG - 3 (4^43: 12) 

*}7}3.2: 4 ^7l«g*«a* oj-g-^, WiL± <3ifl44 4«3 £3. 444 DNA «Jfi «S 4e1 4 i. 4 kbp =L7l4 DN 
A 3€4 el^l 4344 44434. h)44 444* p st l4 BamHI H4*U. placKSCHl 4«a4*l4 
*H2:4 *««qE| placKSC-lip* *ll££4ll. <>J ^££611*14 #.3$ o|.g.«H cfl45 MC4100[ F - araD139 A(a 
rgF-lac)U169 rpsL150(strr) relAI flbB5301 deoCI ptsF25 rbsR\*\ XL1-Blue[ su P E44 hsdR17 recAl endA 
1 gyrA46 thi re/A 1 lac F [proAB+ laclq lacZ AMI 5 Tn 10(tet r )] ] "HI £<y 4°} ^ 4 "fi 4 a) ^ 4 4 >3 44 
S4fe 444°14(10/<g/L)ol %7\% LB *g4ufl4°il4 aj^^ lb ^^m^ofl^"ifl<fl=#<d _ 80 

t ^4*4] £4444(42:: £ 7). 

4*Hl 6 o)|Ai Tfl^ «§444*fl* 44444(30g/L)°] 444 lOOmLS] LB Jfl ufl 4 7f 44 250 mL 444 4± 
341 344*1 30t«M 8A17J- f.o> uH^Jl, ^71 Hfl^S] i mL * 44444(30g/L)°| ^j.^ 10 0mLSj 

LB *m*\7} 44 250mL 44*4^£H) 4*1 344<H 30 1 1)4 600nm s|4MM 

434 *4£4 0.7 °i m 20%(w/v) IPTG* ^7>*H 444 44* 4£434. 44*£ 544 7J4 * 6 oo0rp 
m«M 7 £ m)^* «-9*Bl 44 4|£* ^fsU, 4|5L* 0.1M 444J=# 444°-4pH 6 8) £3. X)*}44 
±4 3mL2] -y-7| 4*4^ ±3. 4444 4-S-, 10mL *4±3°fl \$jL 20mg£] BMM 3-44=^4* #4 eQ$ 
•disflaf- ^ 7 f#al, 244 444 JE444 44434. °H, 6000rpm4l4 7* 44 4^4e)44 45L* *i)44 
2. 444* 444 4-S-, 10mL2j #£££#J>£ 5<ti 4*43, 4* 3)3*] 44*47)4 a).^^ ^ Dfll . ^ 
4 4, (S)-(+)-3-44=44444 o||^ ^l^Efla 8 mg(4* 40%)* 444534 

[a] D +25 o (c 1. CHCI 3 ); 

IR(neat) 3448, 2979, 2936, 2909, 1735, 1719 cm -1 ; 

1 H NMR(CDCI 3 ) S 1 .23(d, J = 6.3 Hz , 3H, CH 3 CH(OH)), 

1.26(t, J= 7.2 Hz. 3H, CH 3 CH 2 0), 2.39-2.51 (m, 2H, CH 2 CO), 

3.15(s, OH), 4.15-4.23(m, 3H, OCH amp; OCH 2 ); 

1 3 C NMR(CDCI 3 ) S 14.19, 22.47, 42.86, 60.67, 64.27, 173.16; 

CIMS, m/z 132(M + ), 86(base). 

8 : 4Sa4°)l 44£ B]4^)|# o]^ ^n] mie)-.^^ Ej-Ajn] A] ^-3-4^]^-^ _ 4 .5j] ^o|-a|El ^ -2-^- 

-I 4 4 "-4 ^ " 

74 4°J4 ^l£-fr ^44JL, 3mL£l 0.1M °J^4^f- 4f--g-°Jj(pH 6.8)^1 «4^1?I 44 20mq£l 

4X1 "1 "114-44, 4X1^1 ^l^-3-444^)-4-5ll^4X]El?i-2-^(racemic cis-3-acetoxy-4-phenylazetidin-2 
-one)4 ^71-4 ji, 2 4 a]4 f.o_v gth <>H, ***Ht 44=ts4£aei)3|(TLC)-H| ^44<H(#S. 

5.Sf-:^]14^lEl| <: ')^:«] A i=3:2:3(v:v: V )) **SJ a)^S4 4°J4^4. 

4-§- 4, 6000rprrHH 74 4°i €-9^-2] 4°f X]5L4 >H|714j1, 44^4 444H, 10mL5] 41 <S 4413]°) 2= 3. 54 
^t4ui. 44 ^4*1 4^-44714 «144^ 4°114 ^7)4 44, 4 5 d as.4£nel|s|l- 44<H ?14^ 

"04-44. 8mg£] (-)-^li-3-4°|H4^1-4-2)No W E|4-2-4((-)-cis-3-hydroxy-4-phenylazetidin-2-one 
)(44 40%)4 6mg5] (-)-^l^-3-4X]4^1 -4-^11^ 4XlEl ^-2-4((-)-cis-3-acetoxy-4-phenylazetidin-2-on 
e)(44 30%)4 444S4. 
(-)-^l^-3-4°lH4 A l -4-^^4^144-2-4 
[a] D -130 o (c 0.5, CH 3 OH); 

1 H NMR (CDCI 3 amp; DMSO-d 6 ) S3.60(s, 1 H, OH), 
4.95(d, J = 4. 7 Hz , 1 H, C3 H), 5.88(d, J = 4. 7 Hz , 1 H, C4 H), 
6.22(s, 1 H, NH), 7.27-7.40(m, 5 H, ArH); 

13 CNMR(CDCI 3 amp; DMSO-d 6 ) 5 58.6,79.1,127.6,128.1,137.1,170.5; 

CIMS, m/z 163(M + ), 91 (base). 

(-)-*l±-3-44l4^]-4-2iN4*ll ^-2-4 

[a] D -30 o (c 1, CHCI 3 ); IR (KBr) 3200, 1750, 1720 cm -i ; 

1 H NMR(CDCI 3 ) S 1.68(s, 3 H, CH 3 CO), 5.05(d, J = 4.5 Hz , 1 H, C3 H), 

5.88(dd, J = 2.6 amp; 4.5 Hz , 1 H, C4 H), 6.25(s, 1 H, NH), 

7.29-7.39(m, 5 H, Ar); 

13 C NMR(CDCI 3 ) S 19.7, 57.9, 78.3, 127.5, 127.7, 128.2, 128.5, 134.7, 
165.6((/J -lactam CO), 169.0(acetoxy CO); 
CIMS, m/z 205(M * ), 106(base). 

4 A H1 9 : 41g&4 4€€ b14^]4 <>14tt 4^) D 1 «fl4-44, 4*1M *l±-3-«M4^1-4-Bl|^4al|Ej^.2-^-2i 
4444 

X)SS44« 214^5.4 til 4* XL1-Blue°i| M}S.S.^ 444 b!4^1* 444 5i4 >|si4ai4 44^1 84 4°J 
4 4^4 444<H, 7]4^ «fl4-44, 7mg£l (-)-a|^-3-4 0 1H4^I-4-^1^4X1e14-2-4(44 35%)4 6mgSl 
(-)-^li-3-4^4^1 -4-5)1 ^4X1 El ^-2-4(44 30%)4 44444. 
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[a] D -128 o (c 0.5, CH 3 OH); 

1 H NMR(CDCI 3 amp; DMSO-d 6 ) S 3.60(s, 1 H, OH), 
4.95(d. J = 4.7 Hz , 1 H, C3 H), 5.88(d, J = 4. 7 Hz , 1 H, C4 H), 
6.22(s, 1 H, NH), 7.27-7.40(m, 5 H, ArH); 

" C NMR(CDCI 3 amp; DMSO-d 6 ) 5 58.6,79.1,127.6.128.1,137.1,170.5; 

CIMS, m/z 163(M + ), 91 (base). 

( - ) - a] ^ - 3 - ° Ml - 4 - 31 ° }- *11 Ej ^ - 2 - £ 

[a] D -28 ° (c 1, CHCI 3 ); 

IR (KBr) 3200, 1750, 1720 cm -1 ; 

1 H NMR(CDCI 3 ) S 1.68(s, 3 H, CH 3 CO), 5.05(d, J = 4.5 Hz , 1 H, C3 H), 
5.88(dd, J =2.6 amp; 4.5 Hz , 1 H, C4 H), 6.25(s, 1 H, NH), 
7.29-7.39(m, 5 H, Ar); 

13 C NMR (CDCI 3 ) S 19.7, 57.9, 78.3, 127.5, 127.7. 128.2, 128.5, 134.7, 
165. 6((£ -lactam CO), 169.0(acetoxy CO); 
CIMS, m/z 205(M - ), 106(base). 

^7} 7 goflA] Ji^oj, /Hifi^^ £££ t«£l<H *1|£°ll ^-g-^ ^ 

5U-§- *tf °}^. ? ' - **£3 ***** ^ 5USi^f. 

°HI, £ fl**!^ ^ SItt placKSC-lipl- M C4100°fl £°JsH *H^£ ^^^«r^llr 

cfl^ MC4100/placKSC-lip(Escherichia coli MC4100/placKSC-lip) 'S'SsKii, o|s 2000^ 11€ 30H43. 
^*]7}^7)# °J ^^^^(KRIBB) -8-^l^^(KCTC, cfl?!: D J^ cfl£^A| JMSt 1 7l^«ii 
KCTC-0898BP5. 7l^sf«cf. 

°l A <MH AMI^l -M^ShJl <y^3t-S^ 0 l, £ 4|£i3<HM ^ t*HZJ ^ oj^S. jjoj^ 

E}- E]3)^-B]-g-( Salmonlla typh /murium )°IH -frzJl*!- 2] a* c»-MH;y C2) >fi1j£ -n-^^, #7] -n-^l^>» M]S.K^ 

S« 2.^13. ^-§-*M ^sfl l^lEt ^S^oll £«a1z] 5Jij 371 £«*Q 

•a* *ll^4. £ t^°fl ^li 2KH] 51H11 tf^-t- 7]^ 7f^l ^J-Efl^ g^lz] ^ Sii^S.. # 

°J£1^ 5]e}| -fr3*H ^ 7fl^*»- <^ ^bHHH" %v*|ls] ^ E ^ 3)]- ^3 

ofl -§-§-t ^ Sl^r ?M|5. -S-SMM °l-§-£l^ li ^ ^-^-l: >Jia^ <H| ^3^3- U*W*i 

(57) £ *1 

^T 1 * 2. 
4. 

42.$\n C(0mpC)2l N- 0 i^atE| 7^ = ^ «>nli:^ ^"S-f -fr34, lac £SE 

e1, ?KKo|ai o.xj^ * a)jq.^ 4f^xn. itsli, £ 73. M-Efm-H^l^ Bl^ls] -Mias^ QI&qM piacKSC-ii 

AMI 

6. 

AMI 

St 1 * 7. 

H 4^2] t^^El placKSC-lip7) cfl^ MC4100°fl £°JsH ^€^^^1 cfl^S MC4100/placKSC-lip( £sc/jer/ 
chia co// MC4100/placKSC-lip)(KCTC-0898BP). 
St 1 * 8. 

AMI 

St 1 "* 9. 

A 7% V 21 MC4100/placKSC-lip(KCTC-0898BP)* Hfl ^ H, cfl^5] IL^°fl a) 

5L£sHr 111? a s v « 
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10. 

^T 1 ^ 11. 

3) «| cfl^ v 5 MC4100/placKSC-lip(KCTC-0898BP)-|: °l-§-*H. eM) D l 

3^ 12. 

* mm $w*i. 

£tt §Mj-°J Si* ^ ±3. *fe 
?llM3 SUM'S] *fl2: u o V lL 




OmpC 



Ndel 



lac 

promoter 
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ill rt| 3 

Poly-His 6,12,18 set 



OmpC 



T7 
promoter 




P T7KSC PT7KSC-H6 P T7KSC-H12 pT7KSCH18 



GFPgene 



OmpC 



Ndei 



pT7KSC-GFP< 



Ori 



// T7 
/Promoter 



oral 
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<110> Korean Advanced Institute of Science and Technology <120> Gene for Cell-surface Expression < 
160> 12 <170> Kopatentln 1.6 <210> 1 <211> 34 <212> DNA <213> Artificial Sequence <220 
> <223> primer 1 <400> 1 ggaattccat atgtgtttcc tgtgtgaaat tgtt 

34 <210> 2 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> primer2 <400> 2 tg 
ctcacatg ttctttcctg 20 <210> 3 <211> 32 <212> 

DNA <213> Artificial Sequence <220> <223> primer3 <400> 3 gcggtacctt taaagccacg ttgtgtctca a 
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a 32 <210> 4 <211> 27 <212> DNA <213> Artificial Seque 

nee <220> <223> primer4 <400> 4 cgaattctta gaaaaactca tcgagca 

27 <210> 5 <211> 28 <212> DNA <213> Artificial Sequence <220> <223> primer5 <400> 
5 ggaattccat atgaaagtta aagtactg 28 <210> 6 <211> 3 

0 <212> DNA <213> Artificial Sequence <220> <223> primer6 <400> 6 ccgggatcct tattagaact ggta 
aaccag 30 <210> 7 <211> 49 <212> DNA <213> Artifici 

al Sequence <220> <223> primer7 <400> 7 gatagatatc ctgeaggteg acccaagcgg acatcaccat catcaccat 

49 <210> 8 <211> 45 <212> DNA <213> Artificial Sequence <220> <223> prime 
r8 <400> 8 ccgggatcct tattactcga gaccagaatg gtgatgatgg tgatg 45 <210> 9 <2 

11> 29 <212> DNA <213> Artificial Sequence <220> <223> primer9 <400> 9 aactgeagag taaagga 
gaa gaacttttc 29 <210> 10 <211> 29 <212> DNA <213> 

Artificial Sequence <220> <223> primerlO <400> 10 egggatcett atttgtagag ctcatccat 

29 <210> 11 <211> 30 <212> DNA <213> Art i f i ci a 1 Sequence <220> <2 
23> primerll <400> 11 acctgeagat cacgttgtat acctatcaca 30 
<210> 12 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> primerl2 <400> 12 g 
eggatccaa aactcagcac egtateg 27 
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